Abstract NIELSEN, SAMARA JOY, ANNA MARIA SIEGA-RIZ, AND BARRY M. POPKIN. Trends in energy intake in U.S. between 1977 and 1996: similar shifts seen across age groups. Obes Res. 2002;10:370 -378. Objective: To determine the trends in locations and food sources of Americans stratified by age group for both total energy and the meal and snack subcomponents. Research Methods and Procedures: Nationally representative data was taken from the 1977 to 1978 Nationwide Food Consumption Survey and the 1989 to 1991 and 1994 to 1996 (and 1998 for children age 2 through 9) Continuing Surveys of Food Intake by Individuals. The sample consisted of 63,380 individuals, age 2 and up. For each survey year, the percentage of total energy intake from meals and snacks was calculated separately for 2-to 18-year-olds, 19-to 39-year-olds, 40-to 59-year-olds, and those 60 years and older. The percentage of energy intake by location (at-home consumption or preparation, vending, store eaten out, restaurant/fast-food, and school) and by specific food group was computed for all age groups separately. Results: The trends in location and food sources were almost identical for all age groups. Key dietary behavior shifts included greater away-from-home consumption; large increases in total energy from salty snacks, soft drinks, and pizza; and large decreases in energy from low-and mediumfat milk and medium-and high-fat beef and pork. Discussion: Total energy intake has increased over the past 20 years, with shifts away from meals to snacks and from at-home to away-from-home consumption. The similarity of changes across all age groups furthers the assertion that broad-based environmental changes are needed to improve the diets of Americans.
Introduction
The rapid increase in obesity across all age groups, coupled with reductions in the age when obesity comorbidities emerge, force us to focus on the overall American diet for individuals of all ages (1) (2) (3) . During this time of rising prevalence in obesity, the levels of physical activity have decreased, and important shifts in diet have occurred (4) . Americans have increased their consumption of sugars and energy-dense foods (5) . Some of these shifts may be explained by the fact that people are obtaining a greater percentage of their food outside the home, specifically from restaurant and fast-food places (6 -9) . The largest increases in types of food consumed mirror the shifts in consumption from at home to away from home (10, 11) . These shifts include increased intakes of salty snacks, soft drinks, and pizza (12, 13) .
Although there have been many studies that looked at various components of the American diet as well as at selected age groupings, there have been no studies that looked solely at total energy intake or at all age groups in one analysis. Furthermore, we lack information on whether similar shifts across the age groups have occurred. It is important to examine total energy intake because certain scholars feel that there is a continually increasing amount of energy being consumed by Americans over the past 20 years (13, 14) . We investigated energy intake trends among much of the American population by looking at the ages broken into broad age categories: children 2 to 18 years old, young adults 19 to 39 years old, middle-aged adults 40 to 59 years old, and older adults (hereafter termed elderly) age 60 and up. The use of age-adjusted results allowed us to assess trends explained by changes in eating behavior. This study focuses on the shifts in energy intake related to eating location and the concurrent changes in consumption of certain key food items between 1977 and 1996.
Research Methods and Procedures

Survey Design and Sample
This study used data on subjects age 2 years and above from four nationally representative surveys of the U.S. population. Of the 63,380 individuals, 29,695 participated in the 1977 to 1978 (hereafter referred to as 1977) Nationwide Food Consumption Survey (NFCS77), 14,658 participated in the 1989 to 1991 (hereafter referred to as 1989) Continuing Survey of Food Intake by Individuals (CSFII89), and 19,027 participated in the 1994 to 1996 (hereafter referred to as 1996) Continuing Survey of Food Intake by Individuals (CSFII96). This last survey also included a sample of children age 2 to 9 surveyed in 1998. The United States Department of Agriculture (USDA) surveys from 1977 and 1989 contained stratified area probability samples of non-institutionalized U. S. households in the 48 contiguous states and, in 1996, all 50 states. These surveys were self-weighting, multistage, stratified area samples of the U.S. population. Detailed information pertaining to each survey has been previously published (15) (16) (17) .
The NFCS77 and CSFII89 surveys collected information on 1 day of intake by an in-home, interviewer-administered 24-hour recall and 2 additional days of self-administered 1-day food records. The CSFII96 collected two non-consecutive, interviewer-administered 24-hour recalls by phone ϳ10 days apart.
For each food consumed in all four surveys, the respondent was asked whether this eating occasion was a meal or snack. The respondent was also asked where the food was obtained; if the food was bought in a store, then it was determined whether the food was eaten at home or whether the food was ever brought into the home. This led to the classification of food sources as either from a vending machine, eaten or prepared at home, from a store but not eaten or ever brought into the home (called store eaten out), from a fast-food establishment or restaurant (called restaurant/fast-food), from a school (termed school), or as a gift from someone or any other source. Aside from food that was bought from a store, food from any other source was considered to be from that source, even if brought into the home. For example, if someone ordered pizza from a pizza place or picked up fast-food on the way home and ate it in the home, that food was still considered to be part of the restaurant/fast-food category.
To examine the thousands of foods contributing to energy intake, the University of North Carolina-Chapel Hill foodgrouping system was used. This system aggregates all the foods in the USDA nutrient composition tables into 74 descriptive and nutrient-based subgroups. In addition, selected popular foods such as pizza, hamburger, and french fries were also identified to examine trends in intake of these foods over time. These foods were identified in a previous paper to examine trends in fat intake (18) . It should be noted that the individual food entries actually represent a large number of foods and food codes from the food table.
Statistical Analysis
Descriptive statistics were generated for selected sociodemographic variables of interest, weighted and controlled for sample design effects with STATA 7 (Table 1) . Significance testing was done on the sociodemographic variables with a z statistic to test the difference between two proportions. The USDA data contained each food item a person consumed, along with the self-reported eating occasion and self-reported place where food was obtained and eaten. Once foods were categorized by eating occasion (snacks vs. non-snack meals), the average energy (in kilocalories) and the percentage of energy contributed by snacks and nonsnacks (meals) was computed for each survey year by age group. Then, for each survey year, the average percentage of energy consumed from selected snack food categories (salty snacks, desserts, candy, soft drinks, fruit drinks, and alcohol) and other selected food groups (pizza, Mexican, etc.) as well as the location (at home, vending, store eaten out, restaurant/fast-food, and school) were determined separately for each age group: 2-to 18-year-olds, 19-to 39-year-olds, 40-to 59-year-olds, and those 60 years and older. These results were adjusted by age, sex, education level, ethnicity, region of the country, urban classification, household size, and poverty level (Ͻ185% and Ͼ350% of national level). To test for statistical differences, SAS 8.1 (SAS Institute, Cary, NC) and SUDAAN 7.5.6 (Research Triangle Institute, Research Triangle Park, NC) software packages were used; this also allowed for weights and control of sample design effects. A value of p Յ 0.01 was used to denote statistical significance.
In addition, the same age breakdowns for food location and food sources were examined for sex, race, education, and income for meaningful trends. To explore overall trends and the role of age, we also examined the total amount of calories obtained across the population from a specific location or a key food item. The proportion of the population in each age group in 1980 was multiplied by the mean percentage of energy from each of the elements, thereby weighting the total energy for location or food group by the distribution of the population. This allowed us to look at our results and take into account one of the possible biases that would affect our data. home. Energy intake from foods eaten at home decreased by between 11.1% and 20.8% for all age groups from 1977 to 1996. Energy intake from restaurant/fast-food increased by between 91.2% and 208% for all age groups. There was little or no change (13.5% to 34.2%) in the amount of energy obtained from the store-eaten-out category (this only accounts for, at most, 7.8% of the total caloric intake).
For Americans, there was a larger increase in absolute energy intake and a much larger relative increase in energy consumed as snacks, rather than meals, over the past 20 years such that snacks represented 17.7% of the average American's energy in 1996 compared with only 11.3% in 1977 (Table 2 ). Snacks represented a larger portion of the diets of 2-to 18-year-olds than the diets of other age groups (in 1996, Ͼ20% of their energy intake, up from 13% in 1977). Although the elderly still snacked the least, with 14.0% of their energy from snacks, they had the largest jump in snacking, up from 7.7% in 1977. Although energy from meals has been decreasing for all age groups (down about 7.2% for the average American), the elderly had the smallest decrease in energy from meals; meals still constituted 86.1% of their diet.
There were some important age-group differences in location of consumption. The average American increased restaurant/fast-food consumption for meals from 9.6% to 23.5% between 1977 and 1996, and this represents a change between 104% and 255% per age group. Although all age groups have increased their consumption of meals from restaurants/fast-food establishments, the 19-to 39-year-olds have continued to consume the greatest percentage of restaurant/fast-food meals. In 1996, snacks from the store eaten out represented up to 12.2% of all energy from snacks, whereas meals from the store eaten out represented only up to 5.6% of all energy from meals for this age group. 
Total Energy Percentages by Key Food Groups
Among the foods that we chose to examine, the largest increases were in consumption of salty snacks, soft drinks, and pizza. For 2-to 18-year-olds and 19-to 39-year-olds, the intake of salty snacks and pizza increased between 132% and 143% from 1977 to 1996. Furthermore, for these two age groups, soft drink consumption increased between 70% and 83% in this time period. During this time, 40-to 59-year-olds increased their salty snack intake by 280% and of soft drinks by 110%. The increases for the elderly were very small. Consumption of candy, fruit drinks, french fries, cheeseburgers, and Mexican food also increased for all age groups but only accounted for a small percentage of the total diet, and the changes over time were small. Low-and medium-fat milk and medium-and high-fat beef and pork consumption decreased substantially across all age groups, and high-fat luncheon meat and hot dog intake decreased slightly (Table 3 ) .
For all Americans age 2 years and up, there were some overall differences in energy intake in snacks and meals with respect to key food items. In general, across all age groups for both snacks and meals, consumption of low-and medium-fat milk and desserts decreased. The other food groups with important trends, french fries, hamburgers, cheeseburgers, pizza, Mexican food, and medium-and high-fat beef and pork, were not important components of snacks but rather of meals. Overall, Americans increased their energy intake of french fries, hamburgers, cheeseburgers, pizza, and Mexican food as part of meals from 3.9% to 9% from 1977 to 1996. If one looks at the age patterns for these foods as a meal, 2-to 18-and 19-to 39-year-olds increased their intake from ϳ5% of energy to 9% to 11% of energy; the increases were much smaller for the other age groupings.
Sugared beverages (combined food group of fruit drinks and soft drinks) increased more for meals overall but played a larger role in snacks. Overall, Americans increased their consumption of sugared beverages as part of a meal from 3.1% to 6.1% and as part of a snack from 10.3% to 11.6%. Furthermore, sugared beverages were consumed more by younger age groups, 2-to 18-year-olds and 19-to 39-year-olds.
For snacks, the largest increases were in the salty snack category; overall, Americans increased their salty snack consumption as a snack from 6.3% to 12.3% over 20 years; however, for meals, these foods only increased from 1.2% to 2.4%. All age groups significantly increased their consumption of this group of foods.
Are there age-related differences in the trends? An important and interesting finding was the fact that although each age group increased its energy intake from certain locations as well as from certain key foods, the increase was in proportion to that of the other age groups. In Figures1 and 2, we present the age-adjusted relative shift in the energy consumed by selected food locations and selected food groupings from 1977 to 1996. These results were ageadjusted to the 1980 U.S. census age distribution of persons Ն2 years in the U.S. because of the significant shift in the age distribution of the population between the years of 1977 and 1996. These figures provide a sense of how the proportion of energy for the average American in 1977 changed for each age group in the subsequent 20 years. For instance, 2-to 18-year olds are consuming ϳ28% of their total energy intake from foods consumed at home, whereas 19-to 39-year-olds are consuming ϳ35%, 40-to 59-year-olds are consuming 21%, and the elderly are consuming 17%. This has remained remarkably constant over the past 20 years as has restaurant/fast-food consumption. For instance, the younger 2-to 18-year-olds consumed 27% and 28% of total at-home energy in 1989 and 1996, respectively. In other words, there was no shift in the relative proportion of energy consumed at home for this age group. It is important to note, however, that the total energy from at-home food increased for this 2-to 18-year-old age group, i.e., the total kilocalories consumed in 1977 and 1996 were 1839 and 1958 kilocalories, respectively. In all cases, the absolute energy changed over time; however, the percentage shifts in types of food and locations were very small.
We can also see that the 2-to 18-year-olds consumed 28% of all energy from the home but only 19% of all energy from restaurant and fast-food sources, whereas the proportions were much greater for the away-from-home category for 19-to 39-year-olds (24% of at-home and 51% of restaurant/fast-food energy; Figure 1 ).
Interestingly, if there was any shift in the types of foods consumed by the age groupings, there was a small shift away from those aged 2 to 18 toward those aged 19 to 39 with regard to the total proportion of the fast-food grouping of hamburgers, cheeseburgers, french fries, and pizza. Approximately 34% of salty snacks were consumed by 2-to 18-year-olds, and this has remained relatively constant for the past 20 years. This is also true for the other age groups in which another ϳ38% of salty snack calories were eaten by 19-to 39-year-olds, ϳ18% by 40-to 59-year-olds, and ϳ9% for 60-year-olds. This trend is further confirmed with other food categories, including a combined fruit drink and soft drink category and a combined fast-food category that includes hamburgers, cheeseburgers, french fries, and pizza ( Figure 2 ).
In addition, the same age breakdowns for food location and food sources were examined for meaningful trends by sex, race, education, and income. The differences betweengroups were very small and are not reported. The only very substantial difference was that men's intake of alcohol as a snack was much higher than that of women.
Discussion
At a time of increased concern about a positive energy imbalance and the resulting increase in obesity, few studies have focused on trends in total energy intake and its sources. If the trends in total energy intake are to be believed, then Americans have increased their energy consumption over the past 20 years (4, (12) (13) (14) . Although there are many shortfalls in the methods used to collect dietary data and thus the possibility of measurement error exists, there is still much that can be obtained from the data that has been collected. Although there were major methodological differences in the survey methodologies for collecting dietary data for both the National Center for Health Statistics (NCHS) National Health and Nutrition Examination Survey and the USDA's CSFII, there is still some feeling that there has been a real increase in energy intake between 1989 and 1996 (14) . This is further supported by the fact that underreporting has increased over time (19) . Also there is no information in the U.S. to indicate systematic bias in reporting by eating location. Thus, we feel that the trends in eating behavior highlighted are still representative of those occurring among Americans.
The most significant trend is clearly the continued shift of our energy intake from home to away-from-home sources. Today the average American consumes Ͻ65% of his/her energy at home. Over the past 20 years the decline has been from 76.9% of energy consumed at home to 64.5%. The vast amount of this increase has been a more than doubling of the energy consumed at restaurants and fast-food establishments. Some age groups, such as young adults aged 19 to 39, consume close to 30% of their energy from restaurant and fast-food establishments. Older adults and the elderly consume much less. Many other scholars have reported similar shifts toward greater food consumption in restaurants and fast-food places (6 -9) .
At the same time there have been important changes in the foods consumed. As would be expected from the increase in restaurant and fast-food consumption, important increases have occurred in the proportion of the energy intake from pizza, cheeseburgers, and french fries. The largest shifts have been in energy from sugared beverages. The most important relative decreases have been in milk and meat products eaten alone. This reflects the important shift to higher-fat mixed-grain-based dishes (20, 21 ). Another interesting point is that in 1996 all of the hamburgers and cheeseburgers that were consumed and 50% or more of the french fries that were consumed by all age groups were consumed in a restaurant or fast-food establishment. This means that few individuals are preparing at home certain items that can easily be obtained outside the home.
As would be expected when restaurants and fast-food establishments are where people go to get meals, there have also been increases in consumption of french fries, cheeseburgers, hamburgers, pizza, and Mexican food as meal items. Furthermore, it has been shown that for snacks, salty snacks as well as soft drinks are being consumed in greater quantities. In addition, store eaten out is the location that is increasing for snacks. This further confirms the assertion that the changes in food location and the changes in food items are not separate issues but really the same issue. One cannot look at these issues individually without missing part of the story behind why the changes are taking place. To completely understand the changes in the diets of Americans one needs to look at the diet from the perspective of both key foods and food location. This enables us to present the whole picture of how American diets are changing.
Our results contradict the general feeling that the major shifts in eating behavior are among the young. Although most nutritionists and many authors have felt that certain age groups were changing at a faster pace than others, specifically that adolescents and young adults were eating more fast-foods outside the home than middle-aged adults and the elderly, this is not the case (22, 23) . All age groups are increasing their energy intake from specific locations and for specific food items in proportion to one another. Although there are differences in the amounts of foods consumed and the location of foods consumed by age, these differences have remained constant over the past 20 years. This dispels the idea that certain age groups are increasing their intake disproportionately (e.g., the explosion in intake of soft drinks or french fries was only for teenagers or other selected subpopulation groups). In other words, it has been shown that intake of foods eaten outside the home is increasing and contributes to increased energy intake and, possibly, the increase in obesity as well (4, 24) . Indeed, even so-called fast-foods such as burgers, french fries, and pizza are consumed more by the young and the middle-aged, but over time these age groups are still consuming the same proportion of these foods in 1996 as they were in 1977. This similarity of trends across all age groups also dismisses the idea of a cohort effect taking place. This raises a very important issue that our whole environment is changing, not just the actions of certain individuals.
It is apparent that people of all ages are making unhealthy choices both inside and especially outside the home, and this should be the focus of public health policies and interventions. Although there have been some positive changes, including decreased consumption of medium-and high-fat beef and pork, there seem to be many other components of the American diet that need to be changed. One important way of changing people's diets is to encourage them to eat at home more and to make healthier choices when eating out. Consumers need to be encouraged to eat more fruits and vegetables and fewer high-fat mixed-grain-based dishes. It is hoped that if consumers change their diets to include more healthful food choices inside and outside the home, the rise in obesity will be curbed along with the accompanying rise in chronic diseases (9, 25) .
